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1.   INTRODUCTION 
 
1.1   BACKGROUND 
 
In this present world of technological advancement, the use of polyvinyl chloride (PVC) is so 
numerous that virtually all industrials, homes, schools, offices and factories etc. appliances are 
made of PVC (polyvinyl chloride) materials. The advent of polyvinyl chloride (PVC) in making of 
pipes has really impacted a great discovery in transporting water to homes and various places 
without fear of lead poisoning which is caused in lead coated pipes used in transporting drinking 
water. Polyvinyl chloride (PVC) is also used in cable insulation and trunk in the electrical 
installation of transformers. Many toys, floor tiles, boots, phone cases and some special clothing 
materials are all made of polyvinyl chloride (PVC) products.  
In the use of polyvinyl chloride (PVC) compare to metals in water pipe, the issue of rusting is a 
bygone. Little amount is spent on polyvinyl chloride (PVC) during maintenance. Unlike metal 
which needs an anti-rust and detection leak just to make the metal free of rust and contamination. 
  
1.2   HISTORY OF POLYVINYL CHLORIDE (PVC)  
 
The history of polyvinyl chloride (PVC) can never be told by not mentioning the people that 
contributed immensely to its existence into the global market and everyday use. 
In 1835, Henry Victor Regnault a French scientist was accounted for the existence of the monomer 
called vinyl chloride (monomer). The ability of Regnault to further polymerize the vinyl chloride 
was not known then. In 1872 Eugen Baumann a German chemist investigated the effect of sunlight 
on vinyl chloride, when it shown that a white substance was formed due to its exposure to the sun. 
During research, a little significant progress was then made. Not until 1912-1916 when Fritz Klatte 
a German chemist discovered the foundation for the production of polyvinyl chloride (PVC). In the 
manufacture of vinyl chloride by the reaction of hydrogen chloride with acetylene at 180°C using 
metal chloride as the catalyst, the polymerization by sunlight of the vinyl chloride is also made 
reference to in the patent, and some of its uses are being suggested. The patent given for the 
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manufacture of polyvinyl chloride (PVC) lapsed after some years, and the first commercial 
production of polyvinyl chloride (PVC) commenced in the late 1920s in the USA, with a huge 
expansion in the 1930s. Polyvinyl chloride (PVC) resin pilot plant production was built in Germany 
in the year 1931. This stands as a remarkable breakthrough in polyvinyl chloride (PVC) production, 
two (2) companies under the patent disclosures of Semon BF Goodrich company Reid of carbide 
and carbon chemicals in 1933-1934. Polyvinyl chloride (PVC) was discovered to be a flexible 
material that looks like rubber or leather when it was heated in a high boiling point liquid. When 
additives such as Plasticisers are added, it gives a processable material at an acceptable melting 
temperature into product that is permanently soft and flexible. 
During World War II, Germany, the USA and the UK produced PVC industrially using emulsion 
and suspension technology. During the war, the shortage of rubber aided development and more of 
different kinds were produced with advent of various additives, which gives it the required function 
during its use. 
 
1.3   AIMS AND OBJECTIVES 
 
The aims and objectives of this thesis are: 
1. Cutting of the polyvinyl chlorides (PVC) sheets into required dog-bone shape. 
2. Determining the standard dimension to be used. 
3. Choosing of the proper cutting method. 
4. Preparing the dog-bones for heating in the oven. 
5. Testing of the dog-bones on the testometric tensile test machine by subjecting it to different load 
forces. 
6. Viewing of the tested dog-bones under the light in the chemistry laboratory. 
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2.   LITERATURE REVIEW 
 
2.1   GENERAL PROPEERTIES OF POLYVINYL CHLORIDE (PVC) AND   
ADDITIVES 
 
Polyvinyl chloride (PVC) cannot be processed by itself due to its thermal stability and high 
viscosity. Materials called additives needs to be added in different forms inorder to be put to use 
without failure or collapse in the area which they are needed. Its durability must be of utmost 
priority during production, inorder to stand a longer lifespan during application where it is needed. 
Due to its low cost effectiveness, it was ranked the second largest commodity after polyethylene 
(PE). During the production of PVC (polyvinyl chloride), some fumes and liquid chemicals are 
released to the atmosphere and sewage, which is harmful to human life. The health of the people 
living around the factories must be of concern to the factories owners. To reduce such pollution, 
government must really monitor how the factories discharge the fumes and used chemicals, for it 
not to pose threat to human and aquatic lives. The fumes and used chemicals should be properly 
treated before discharge. 
 
2.2   DIFFERENT TYPES AND QUALITIES OF POLYVINYL CHLORIDE  
(PVC) 
 
There are different types and qualities of polyvinyl chloride (PVC), which are available. The 
qualities depend on the additives that are blended together during its manufacture and the uses to 
which it will be employed. The following are the mentioned types of the polyvinyl chloride: 
 Unplasticized polyvinyl chloride (UPVC) 
 Chlorinated polyvinyl chloride (CPVC) 
 Oriented polyvinyl chloride (OPVC) 
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2.2.1   UNPLASTICIZED POLYVINYL CHLORIDE (UPVC) 
 
The unplasticized polyvinyl chloride (UPVC) sheet is the commonest thermoplastic sheet used in 
general purpose like construction and building industry as a low maintenance material. It is also 
used in the area of pipe and pipefittings, building products such as window frames, bottles, food 
packs and flooring tiles. It is rigid and hard in nature, it has ultimate tensile stress of approximately 
52MPa at 20°C and it cannot be attacked by most chemicals. Unplasticized polyvinyl chloride can 
be used generally at a temperature of 60°C. Its actual temperature limit depends on stress and 
condition of the environment in which it is subjected to. 
 
2.2.2   CHLORINATED POLYVINYL CHLORIDE (CPVC) 
 
 It is a high performance thermoplastic gotten as a result of further chlorination of polyvinyl 
chloride (PVC) resin with increase in chlorine content from 56.8wt% to the range of 63-69wt%. 
The two (2) reasons for trying to get clean chlorinated polyvinyl chloride (CPVC) are as follows; 
Firstly, chlorinated polyvinyl chloride (CPVC) has superior characteristics to polyvinyl chloride 
(PVC); the properties are excellent mechanical properties, flame retardant and corrosion resistance. 
Virtually all the chlorinated polyvinyl chloride (CPVC) products are employed for wide range 
applications in everyday life; example is in hot and cold water used in homes, offices, textile 
industries and construction sites etc. Huge economic benefit is gotten from chlorinated polyvinyl 
chloride (CPVC) produced in large scale. 
 
2.2.3   ORIENTED POLYVINYL CHLORIDE (OPVC) 
 
Oriented polyvinyl chloride (OPVC) can be manufactured by a process, that gives preferential 
orientation of straight long chain polyvinyl chloride (PVC) molecules. In the hoop or 
circumferential direction. It provides a high quality of properties in the hoop direction of the 
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polyvinyl chloride (PVC). The ultimate tensile strength that will be doubled that of unplasticized 
polyvinyl chloride can be obtained for oriented polyvinyl chloride (OPVC). 
2.3   DIFFERENT TYPES OF ADDITIVES AND THEIR FUNCTIONS 
 
Additives are chemical substances that are used to polymerize, process or modify final use    
properties of plastics and its materials. Additives will have control or determine the mechanical 
properties, thermal stability, colour, clarity and electrical properties etc., of polyvinyl chloride 
(PVC) plastics before it can be utilized where needed. 
 
2.4   TYPES OF ADDITIVES 
 
1. Plasticizers 
2. Stabilizers 
3. Lubricants 
4. Impact modifiers 
5. Pigments 
6. Process Aids 
7. Reinforcement 
8. Flame retardant 
9. Fillers 
10. Compatibilizers 
 
2.5   FUNCTIONS OF ADDITIVES 
 
2.5.1   PLASTICIZERS 
 
Plasticisers are substances which when added to a plastic material usually polyvinyl 
chloride (PVC); make it to be flexible, resilient and easier to handle for usage. Examples of 
plasticizers are phthalates and adipates, which widen the gap between the molecules distance in a 
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polymer. Polyvinyl chloride (PVC) is mostly rigid at normal temperature due to the short distances 
between the molecules and the intermolecular forces between them. When heated at an elevated 
temperature the energy of the molecular motions become greater than the intermolecular forces, and 
this widen the molecular distances, which result in the softening of the resin. As the plasticizer is 
added to the polyvinyl chloride (PVC) at the previous stage, the Plasticisers molecules passes 
between the polyvinyl chloride (PVC) and this prevent the polyvinyl chloride (PVC) polymer 
molecules from coming closer to each other. The molecules of the polymer are kept apart even at 
normal temperature and its softness is maintained. The above process is called plasticizing. 
 
2.5.2   STABILIZERS  
 
Stabilizers prevent the chain reaction of decomposition of polyvinyl chloride (PVC). It also helps in 
resisting weathering, heat ageing, sunlight and have an essential influence on the physical properties 
of polyvinyl chloride (PVC) materials when heated above 80⁰C. When polyvinyl chloride (PVC) is 
subjected to heat within the range of 170-180°C, chlorine and hydrogen molecules are eliminated 
and hydrogen chloride are released and decomposed. Unstable structures are noticed in the 
molecule during the decomposition, which further prompt hydrogen chloride (HCl) elimination and 
decomposition. During extrusion and moulding, polyvinyl chloride (PVC) is heated inorder to be in 
its molten state. This is required so as to prevent elimination of hydrogen chloride due to heat and 
subsequent heat that is needed. Stabilizers (metal compounds) are very important inorder to avoid 
chain reaction of decomposition. They come in form of application blends of which its main 
constituents or contents are metal soaps, metal salts and organometallic compounds. The type of 
stabilizer’s to be used depends on some factors like; area of which the polyvinyl chloride (PVC) 
product is needed, regulatory body approval requirement and cost of the material. 
2.5.3   LUBRICANTS 
 
Lubricants play a vital role in the manner in which polyvinyl chloride (PVC) melts and flows during 
processing. Lubricants prevent damage to polyvinyl chloride (PVC) plastics and the mould during 
polyvinyl chloride (PVC) processing. It is always applied to the material or to the machine to allow 
for processing without causing any damage and improve melt flow rate of molten plastics materials. 
Most of the parameters like energy consumption of the equipment’s, pressure at which the materials 
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melt in the machine, rate of productivity, dispersion of pigments and fillers of the polyvinyl 
chloride (PVC) forming gel etc., must be noted. All these directly play a vital role in right selection, 
the best combination and optimum amount of lubricants. The optimization of specific properties 
like mold release and surface effects behavior. 
2.5.4   IMPACT MODIFIER 
 
It enables polyvinyl chloride (PVC) materials or products to absorb shocks and resist impact 
without causing cracks or collapse of the materials or products when put in use in the place it is 
needed. It gives the material or product enough rigidity to prevent the product from creeping, 
warping and sagging when it is used under normal condition. 
 
2.5.5   PIGMENTS 
 
This is used to give colour and beauty to different plastics materials or products during production. 
They are tiny particles that have to be evenly mixed with the molten substance in the extruder 
machine to get required colour. The colours always comes in different forms and varieties, this 
depends on the choice of the customers. The forms are: powder pigments, pigment granulates, 
liquid or solid pigment in form of concentrates. The surface can also be painted or printed after 
molding.  
 
2.5.6   PROCESS AIDS 
 
It is use to improve the way polyvinyl chloride (PVC) materials can be processed by increasing the 
flow ability rate. Lubricant can be added, this is always internal lubricant that improve melt flow 
rate of the material and lowering its viscosity and heat dissipation rate. 
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2.5.7   REINFORCEMENT 
 
It is used to reinforce and improve the mechanical properties of polyvinyl chloride (PVC) like 
materials properties; tensile strength, flexural strength and stiffness of the material. 
2.5.8   FLAME RETARDANT 
 
These additives prevent ignition or spread of flame in plastic material during fire outbreak or spark 
caused by electricity. Polyvinyl chloride (PVC) has basic high quality fire retarding properties 
because of its chlorine content, even when fire retardants are not present. This is why polyvinyl 
chloride (PVC) plastics materials are employed mainly at places where fire can occur. Fire safety 
standard must be met inorder to suit its proper use where it is needed. The flame retardant 
commonly employed in polyvinyl chloride (PVC) is Alumina trihydrate (Al(OH)3). 
 
2.5.9   FILLERS 
 
Fillers are natural materials or substances that are used to improve strength, working properties, 
durability and lower cost of the materials in producing polyvinyl chloride (PVC). It increases 
overall bulk of the polyvinyl chloride (PVC) materials usually in mineral based form. It also 
increases thermal conductivity of the polyvinyl chloride (PVC) plastics so that they heat up and 
cool down quickly. Reinforced plastic is one with distinct strength properties that is greatly superior 
to the base resin due to the presence of high-strength fillers enclosed in the composition. 
 
2.5.1.0   COMPATIBILIZERS 
 
Compatibilizers enable polyvinyl chloride (PVC) compounds to be mixed with other plastics of 
different types or codes during recycling process without causing any impurities or contamination 
effects. It yield homogeneous product that does not separate into components. Good compatibilizers 
reduce the interfacial tension between the concentrated phase boundaries. Compatibilizers that are 
active react chemically with the materials they are to make compactible. The non-reactive 
compatibilizers make the various component materials compactible physically. 
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3.   METHOD 
 
This entails the materials needed, steps, process and methods of the manufacture of polyvinyl 
chlorides (PVC). 
 
3.1   THE RAW MATERIALS OF POLYVINYL CHLORIDE (PVC) 
 
The basic raw material of polyvinyl chloride (PVC) is chlorine with chemical formular (Cl2), which 
can be gotten from electrolysis of sodium chloride (NaCl) in small or large quantities depending on 
the demand. Ethene is also one of the raw materials that are gotten from a product of fractional 
distillation of crude oil from the distillating column. Both chlorine and ethene combined together to 
form ethene dichloride, and it can be converted to vinyl chloride monomer (VCM) at a very high 
temperature. 
 
3.2   A PETROCHEMICAL PRODUCT 
 
Polyvinyl chloride (PVC) can be obtained from a range of hydrocarbons like coal and crude oil. The 
largest amount of world production of polyvinyl chloride (PVC) is gotten from the chemical 
compound called ethene. Ethene which chemical formular is C2H4, is a product of fractional 
distillation and reforming’s of crude oil in oil and gas industry. Polyvinyl chloride (PVC) is termed 
a petrochemical product. 
Ethene is combined with chlorine to produce an intermediate chemical substance called ethene 
dichloride or 1, 2- dichloroethene. Most ethene dichloride is used in the production of polyvinyl 
chloride (PVC) in virtually all-European countries. Small portion of the ethene dichloride is used in 
manufacture of organic solvents and pharmaceutical products. Ethene is among one of the five (5) 
products obtained from the cracking of naphtha during fractional distillation.    
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                                                               (-CH2-CHCl-) M (substance) 
The stages needed to be mentioned to know how polyvinyl chloride (PVC) is gotten during the 
polymer production. 
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3.3   CRUDE OIL 
 
Crude oil, natural gas and rock salt is a mixture of hydrocarbons that exist and are formed in the 
earth as a result of dead plants and animals, and it is always in liquid form when brought to the 
earth surface through piling of pipes of high diameters into the earth crust. All this mentioned above 
are the starting products for polyvinyl chloride (PVC) manufacturing. 
 
3.4   FRACTIONAL DISTILLATION 
 
Fractional distillation is the separation process of a mixture of crude oil and other impurities or 
substances into its components parts or fractions used in oil refineries. Separating different products 
of the treated crude oil by their boiling points by heating them to a temperature at which each 
component of the fractions of the crude oil vaporize. The hydrocarbons contained in the crude oil 
are of different boiling points. The fractions at the top of the distillation or fractionating column 
have lower boiling points than the one at the bottom. The crude oil fractions with higher boiling 
points have the following properties; 
 More carbon atoms 
 More branched chain alkane  
 Darker in colour 
 High molecular weights 
 More difficult to ignite and burn 
 Higher viscosity 
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Figure 1: Fractional distillation chamber (science-resources, 2009) 
 
3.5   CRACKING 
 
Cracking of natural gas or naphtha gotten from fractional distillation of crude oil by high heat and 
temperature liquid is called thermal cracking. The heat and high temperature breaks the bonds and 
reduce the molecular weight of the natural gas or naphtha being cracked. Sometimes a catalyst is 
added to control and aid the chemical reaction during cracking with the aim of obtaining specific 
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molecules. As the cracking continues, fractions of different molecular weight and boiling point are 
extracted and processed for further applications. 
 
3.6   REFORMING 
 
Catalytic reforming is a process employed in petroleum refinery in which small sized hydrocarbon 
molecules distillation product from crude oil known as naphtha’s are chemically converted into 
molecules suitable for polymerization. The suitable molecules of reformed products that are 
produced from fractional distillation product called naphtha are used in industries. Reforming are 
categorized into two, they are as follows; Thermal and catalytic reforming. 
Thermal reforming was developed in the late 1920s. Thermal reforming requires a temperature 
range of 510-565°C at an average pressure of 4MPa to obtain petrol’s (gasoline’s) with octane 
numbers of the range of 70-80 from heavy naphtha’s of octane numbers of less than 40. The 
products of octane number yield high octane level included are aromatic compounds. The products 
is essentially unstable when stored and often form heavy polymers and gums like substance, it 
doesn’t combust properly. 
Catalytic reforming was introduced in the 1950 to improve the yield of the most needed gasoline 
component and minimizing the formation of unwanted heavy product and coke. As the name 
implies, the reforming process will employ a catalyst, which will promote the chemical reaction, but 
the catalyst does not react with it. In thermal reforming, naphtha stands as the feedstock and the 
reactions are carried out in the presence of hydrogen gas (H2) which prevents the formation of 
unstable unsaturated compounds which later polymerize into higher boiling materials. 
 
3.7   PRODUCTION OF POLYVINYL CHLORIDE (PVC) FROM VINYL 
CHLORIDE MONOMER (VCM) 
 
Polyvinyl chloride (PVC) can be produced by a chemical process of taking simplest unit called 
monomer (vinyl chloride monomer), and linking it together to form larger or longer molecular 
chains called polymer, by a process called polymerization reaction. Polyvinyl chloride (PVC) is 
made from a material called vinyl chloride monomer (VCM). Chlorine and ethylene can be 
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combined to form the monomer called vinyl chloride. While polyvinyl chloride (PVC) was gotten 
as a result of polymerization of vinyl chloride. 
Vinyl chloride monomer (VCM) is a gas with molecular formular of C2H3Cl, molecular weight of 
62.5 and boiling point of -13.9°C at a high vapour pressure at ambient temperature. Much strict and 
safety quality control is needed when it is manufactured. 
Vinyl chloride monomer (VCM) can be manufactured from ethylene in two (2) ways; mainly 
through thermal cracking, they are; 
 The direct chlorination method 
 Oxychlorination method 
 
3.8   CHLORINATION 
 
The raising of chlorine content of polyvinyl chloride (PVC) polymer from 56% to around 66% is 
called chlorination. The process takes places initially at the methylene (CH2) groups along the 
polymer chain for the resulting structure to become virtually a polymer of vinyl chloride with 1, 2- 
dichloroethene. 
Polyvinyl chloride (PVC) chlorination will reduce the forces of attraction between the molecular 
chains. Chlorinated polyvinyl chloride (CPVC) is mainly amorphous in nature. The two (2) above 
named factors allow chlorinated polyvinyl chloride (CPVC) to be stretched more easily and to a 
greater length or extent than ordinary polyvinyl chloride (PVC) polymer above its glass transition 
temperature. The glass transition temperature of chlorinated polyvinyl chloride (CPVC) is higher 
than polyvinyl chloride (PVC) by 50% and also it has a higher melt viscosity during processing. 
 
3.9   DIRECT CHLORINATION METHOD 
 
 Vinyl chloride monomer (VCM) can be produced from the chlorination of ethylene and pyrolysis 
of the ethylene dichloride (EDC) from the cracking unit gives vinyl chloride and hydrogen chloride 
is decomposed. It can be depicted with the following equation as follows; During the direct 
chlorination method, ethylene and chlorine gotten from electrolysis of certain salt react within a 
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catalyst containing reactor to form the material called ethylene dichloride (EDC). Ethylene 
dichloride produced is thermally cracked to give vinyl chloride monomer (VCM) at a temperature 
above 100°C. 
 
 CH2=CH2       +        Cl2           →          ClH2C –CH2Cl ……………………………………[1]         
Ethylene           Chlorine            Ethene dichloride (EDC)          
 CH2Cl-CH2Cl                    →                    CH2=CHCl          +          HCl………………. [2]                                                                                                                                
Ethene dichloride       thermal decomp.     Vinyl chloride            hydrogen chloride  
 
3.9.1   OXYCHLORINATION METHOD 
 
Recycled hydrogen chloride is reacted with further ethene in the feedstock in the presence of 
catalyst and oxygen. This is involved to generate more quantities of ethene dichloride (EDC), and 
excess hydrogen is oxidized to form water. The by-product of hydrogen chloride obtained from the 
direct chlorination method reacts with ethene in the presence of catalyst and oxygen, ethene 
dichloride is obtained. This process is called Oxychlorination. 
When the dehydration of ethene dichloride (EDC) from the Oxychlorination process is thermally 
cracked along with the ethene dichloride (EDC) from the direct chlorination, vinyl chloride 
monomer is obtained. These are the two (2) major methods employed in many plants in Western 
Europe. 
CH2=CH2    + 2HCl +  ½O2        →      CH2Cl-CH2Cl    +    H2O………………………. [3] 
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 Figure 2: Thermal cracking flow diagram of vinyl chloride monomer production (Jay polytech industries n.d) 
 
3.9.2   POLYMERIZATION 
 
The process of connecting monomers of vinyl chloride together in a chain to form polyvinyl 
chloride is called polymerization reaction. The method of polymerization to be employed is called 
addition polymerization, which is also known as chain wise or chain growth polymerization.                                   
Addition polymerization involves the linking or joining together of molecules with double or triple 
bonds chemical. The unsaturated monomer called ethene has extra internal bonds, which are able to 
break and link and join or link with other monomers to form a repeating longer chain. Addition 
polymerization is always employed in the manufacture of PVC (polyvinyl chloride). 
 
3.9.3   SUSPENSION POLYMERIZATION METHOD 
 
This polymerization method can also be referred as bead or pearl polymerization.It can be carried 
out by suspending the monomer vinyl chloride (discontinuous phase) as droplets within range of 
50-500 m in diameter, in the case of water(continuous phase). Vinyl chloride, styrene, acrylic, 
vinyl acetate and tetrafluoroethylene can be also be polymerized by the suspension method. Water 
with monomer weight ratio which varies from 1:1 to 4:1 in most of the polymerizations method.                                   
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The droplets of the monomer are later converted to polymer particles and are prevented 
from coalescing by agitation and the presence of suspension stabilizers (which are also referred to 
as dispersants or surfactants). The two (2) types of stabilizers often used are; (1) water-
soluble (usually in the presence of electrolyte or buffer) and (2) water insoluble inorganic powders. 
The first (1st) type includes polyvinyl alcohol, hydroxyl propyl cellulose and sodium salt of acrylic 
acid-acrylate ester copolymer; The second (2nd) type includes talc, barium sulfate, 
kaolin, magnesium carbonate, magnesium hydroxide, aluminium hydroxide etc.The suspension 
levels of stabilizers are normally less than 0.1 weight   of the aqueous phase (though, the water-
soluble polymers are sometimes used at higher concentrations). It is much lower than the surfactant 
concentration that is used in emulsion polymerization (it is as high as 1-5%), this can be accounted 
for in the higher monomer droplet sizes in suspension polymerization. The two (2) phase system 
cannot be maintained in suspension polymerization without agitation. Dispersants used in 
suspension polymerization rarely form colloidal micelles (molecular aggregates) compared to 
emulsion polymerization. In suspension polymerization, certain initiators are used which are soluble 
in the monomer droplets. These initiators are often referred to as oil-soluble initiators. In suspension 
polymerization, each monomer droplet is considered as a mini bulk polymerization system. The 
movement or flow of polymerization within individual droplet are the same as those for the 
corresponding bulk polymerization. 
In the presence of high concentration which is less than 1% in suspension polymerization, the 
water-soluble stabilizers (usually initiated by water-soluble initiators) are normally used to produce 
latex-like dispersions particles with small particles size within the range of 0.5-10 m. It is 
sometimes referred to as dispersion polymerizations, when the monomer droplet size is 1 m or 
smaller. 
 
4.    CHARACTERISTICS OF POLYVINYL CHLORIDE(PVC) AS A
 MATERIAL 
 
The features of polyvinyl chloride (PVC) are determined by its molecular structure and chemical 
composition. It has amorphous structure with polar chlorine atoms in the molecular structure. Each 
of the properties of polyvinyl chloride (PVC) will be listed and explained as follows: 
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 Versatility 
 Fire retarding properties 
 Durability  
 Chemical resistant 
 Mechanical stability 
 Processability and mouldability 
  
4.1.0   VERSATILITY 
 
The numerous uses or applications such as building, packaging, clothing, transport, healthcare and 
electrical/electronics to which polyvinyl chloride (PVC) is employed has made it to be well 
recognized. Its ability to last longer for construction purpose in various materials either in rigid or 
flexible form with different available colors and sizes, made it to gain popularity in man daily 
needs. It is compatible with barely all additives making it to be a versatile polymer. Plasticizers can 
be added to polyvinyl chloride (PVC) to make it flexible in the manufacture of flooring tiles and 
medical products. Its inherent flame retardation made it to have edge over rubber in cable 
insulation. Due to its durability in making telecommunication cables without cracking or harden 
over time; cable insulation can be recycled through Recovinyl. Its great impact strength makes it 
suitable for use in construction. 
 
4.1.1   FIRE RETARDING PROPERTIES 
 
Due to its chlorine content, polyvinyl chloride (PVC) has high fire retarding properties even when 
fire retardant is not added during its production. It has less fire incident risk due to its high ignition 
temperature of 455°C, making it not to ignite easily when exposed to low temperature. This feature 
makes it to have edge over other polymers during fire outbreak because the temperature needed to 
ignite materials like polypropylene (PP), polystyrene (PS) etc., cannot ignite polyvinyl chloride 
(PVC). The heat released during the burning of other polymer cannot affect polyvinyl chloride 
(PVC) material. 
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The maximum energy in form of heat that can be released by polyvinyl chloride (PVC) is 
91KW/m
2
. That is the reason why polyvinyl chloride (PVC) is employed in everyday use in 
different facet of life. 
 
4.1.2   DURABILITY 
 
Polyvinyl chloride can last up to 100 years and above depending on its usage. Due to its relative 
low weight, polyvinyl chloride is strong and durable. This feature makes it a better choice for long 
time use in different facet of life like; sewage, domestic water pipes and underground deep-water 
piping systems. When maintained properly it last longer within some high temperature, it rarely 
ruptures when the proper maintenance is applied. 
 
 
4.1.3   CHEMICALS RESISTANT 
 
Polyvinyl chloride (PVC) is resistant to alkali, acid and virtually all inorganic chemicals that exist 
in nature. Polyvinyl chloride (PVC) got swollen or dissolves in aromatic hydrocarbon, ketones and 
cyclic ethers. In some organic solvents, polyvinyl chloride (PVC) is difficult to dissolve. These 
characteristics make it to be employed in exhaust gas ducts, sheets used in construction work, tubes, 
hoses and bottles. 
Thermoplastics and some elastomer have excellent resistance to a lot range of chemical reagents. 
The chemical resistance of polyvinyl chloride (PVC) is mainly a function of the thermoplastic 
material and its compounding components. When less compounding components is used, the better 
the chemical resistance. Thermoplastic materials and pipes with important filler percentages may be 
prone to chemical attack in the area where there is uneven filler flow. 
Chemicals that do not usually affect the properties of an unstressed thermoplastics can cause a 
completely different changes or behavior (such as stress cracking) when subjected to thermal or 
mechanical stress (constant internal pressure or frequent thermal or mechanical stress cycles). If a 
material is chemically resistant to a concentrated form of a particular chemical, it must be resistant 
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to the diluted form of the same chemical. Through many years of research, resistance of polyvinyl 
chloride (PVC) to attacks by different chemical agent has been determined even from field 
experience. There are some factors affecting or militating against chemical resistance in a polyvinyl 
chloride (PVC), these factors are listed as follows:                                                                                            
 Temperature 
 Chemical present 
 Concentration of chemicals 
 Time of exposure 
 Frequency of exposure 
Chemical resistance information for polyvinyl chloride (PVC) pipes or other materials are provided 
in a table that is based on temporary immersion of unstressed strips of polyvinyl chloride (PVC) in 
different chemicals (usually concentrated). The result can be used as a guide for the response of 
polyvinyl chloride pipes or strips to chemicals. National Association of Corrosion Engineers 
released a publication entitled “corrosion data survey, Nonmetals section”. 
Chemical resistance are depicted in the following polyvinyl chloride (PVC) tables, of which few 
will be shown as follows: 
 
Table 1: Chemical resistance response table used as a guide for polyvinyl chloride (PVC) pipes or strips to various chemicals 
R          General resistant 
C          Less resistant than R but still suitable for some condition 
N          Not resistant 
 
 
  
  
 
RESISTANCE TO CHEMICALS 
 
Dilute acid (HCl)…………………………………………………………………….          Very good                                                                                                                                
Dilute Alkali (NaOH)  ……………………………………………………………………. Very good                                                                                                                                        
Oils and greases ................................................................................................................... Good 
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Aliphatic and Hydrocarbons (C2H6). ………………………………………………………Very good                                                                                                               
Aromatic Hydrocarbons (C6H6)  …………………………………………………………...Poor                                                                                                                     
Halogenated hydrocarbon (CH2=CHCl).  …………………………………………………. Moderate                                                                                                       
Alcohols (CH3OH, C2H5OH). ………………………………………………………………Good 
 
 
 
4.1.4   MECHANICAL STABILITY 
 
Chemically, polyvinyl chloride (PVC) is a stable material, which exhibits small change in 
molecular structure and mechanical strength. Polyvinyl chloride (PVC) is a long chain polymer and 
is always viscoelastic in nature. It can be distorted or deformed by constant application of external 
force, even if the applied force is well below their yield point. When depicting such characteristic it 
is called creep deformation. Polyvinyl chloride (PVC) is a viscoelastic material with a very low 
creep deformation compared with other plastics material due to molecular distortion or motion at 
ordinary or low temperature, unlike polyethylene and polypropene, with high molecular motion in 
their amorphous section. 
Creep behavior is shown by plastic products mainly polyvinyl chloride (PVC). The continuous 
applications of external forces influence its deformation at room temperature. The phenomenon is 
termed cold flow. Cold flow is very important and worthy to be considered when polyvinyl chloride 
(PVC) materials are used in construction and industrial applications. This is employed under normal 
environmental conditions like low temperature etc. Polyvinyl chloride show very little creep 
compared with other plastic products. It is employed in various interior and exterior construction 
materials like; ducts, window frames and decks, panels and machine parts.  
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Figure 3: Creep strain (%)/stress (kg/mm) of different polymers (serviceability of PVC and PVC products, ch.5, n.d) 
 
4.1.5   PROCESSABILITY AND MOULDABILITY 
 
Processability of a thermoplastic material depends solely on its melt viscosity. Since its melt 
viscosity is very high, polyvinyl chloride (PVC) is unsuitable for injection moulding of large sized 
products. Furthermore, the viscoelastic behavior of molten polyvinyl chloride (PVC) is less 
dependent on temperature and is always stable. This characteristic makes it to be suitable for 
complex shaped extrusion profiling used in building or housing materials, it’s also used in 
calendaring of films and sheets in agricultural films and polyvinyl chloride (PVC) leather. 
The external surfaces of polyvinyl chloride (PVC) products are very good and posses superior 
embossing characteristic. This allow for a variety of surface treatment such as enamel gloss and de-
lustered suede. Considering the fact that polyvinyl chloride (PVC) is an amorphous plastic with no 
phase transition, when the products are in moulded form it will have high dimensional accuracy. 
Polyvinyl chloride (PVC) also displays excellent secondary processability in welding, bending 
fabrication, vacuum forming etc. Some processing techniques that can be employed in polyvinyl 
chloride (PVC) are; screen printing and coating which are convenient processing techniques 
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suitable for polyvinyl chloride (PVC) only. The processing methods can be employed in the area of 
automobile sealants, flooring, wall covering etc. 
 
5.   RECYCLING METHODS AND BENEFITS 
 
5.1   RECYCLABILITY 
 
The world resources is infinite in size, as the population of human increase day by day there is more 
demand and crave for products consumption, so also more waste products are generated, which 
littered our landfills. The method of recycling helps bring back the waste product into useful usable 
products for human consumption, and it helps to reduce more waste from our landfills. Plastics 
constitute one of the products that are recycled often not only by consumers, but with other big  
plastics companies and businesses on a larger scales. With a lot of campaign for green products and 
for firms to be environmentally friendly, plastics recycling have gain popularity in the society as a 
whole, thereby making it becoming a big and profitable business. Recycling has also reduced 
carbon dioxide emission and oil usage. 
During plastics manufacturing, waste materials was not only produced, gases like carbon monoxide, 
nitrogen oxide, chlorine dioxide and sulphur hexafluoride, all these gases are evaporated and 
deposited in the atmosphere and water around us. The idea of recycling reduces the emission of 
those gases mentioned above, and giving less pollution and cleaner and safe planet. 
Polyvinyl chloride (PVC) materials can be recycled in two (2) different forms. 
Polyvinyl chloride (PVC) belongs to the number 3 in the plastic code. The recycling methods 
are as follows: 
1. Mechanical recycling 
2. Chemical recycling 
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5.1.1   MECHANICAL RECYCLING 
 
Mechanical recycling of plastics mainly polyvinyl chloride (PVC), is the reuse of used plastic 
materials through re-melting which is a large part of an integrated means to manage waste along 
with feedstock (chemical) recycling and energy recovery. During the year 1996, 8.6% of post 
consumer waste i.e. where the waste producing use did not involve further production of another 
product. Nearly 100% of production scrap was reused for recycling in Western Europe. The 
increment was potentially estimated to be at a rate of 10.7% of post consumer plastics by the means 
of mechanical recycling in the year 2006, which is equal to 2700kT (kilotons) of recyclates. Type of 
the recycling method used depends on the material constantly renewed or steadily supplied for 
recycling. Examples are single, mixed and contaminated form of used plastics. The material source 
are; household products, industry, about the cost of sourcing, separation and cleansing. Concerning 
the market (need, standards, recognition and sorting, price of virgin or fresh material); concerning 
energy and ecological considerations (eco-balance); on legislative rewards or incentives, e.g. 
packaging order in Western Europe, Germany to be precised (Plastics additives handbook by Hans 
Zweifel, 5th edition pg.973). Polyvinyl chloride (PVC) always disturbs other plastic during 
recycling than other plastics disturb polyvinyl chloride (PVC). The formation of dioxin during 
recycling thermal waste treatment make it dangerous for workers and people around polyvinyl 
chloride (PVC) plant. 
Close to 7.1 million tonnes of polyvinyl chloride (PVC) are used to make products in EU every 
year. Compounded polyvinyl chloride (PVC) that serves as waste in the disposable channels in EU 
is amounted to be around 4.1 million tonnes every year. The difference in figure is due to the 
lifespan of the polyvinyl chloride (PVC) used daily without ending up in the waste stream. It was 
predicted that the amount would be 7.2 million tonnes by year 2020, which will be 80% more than 
the present day.  
 
5.1.2   CHEMICAL RECYCLING 
 
Soft polyvinyl chloride (PVC) is the waste plastic material, which is the center of focus right now. 
And it is a representative of addition polymerization material. In chemical recycling of soft 
polyvinyl chloride (PVC), a pretreatment method that will separate the plasticizers and pulverized 
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(powdery form) feed material in an insufficient aqueous material. The trend enabled the design of 
the technology that allow for the extraction of the plasticizer without damaging the polyvinyl 
chloride (PVC) structure that took time to process in the soft form. The method has made the 
recycling of the soft polyvinyl chloride possible. Two (2) stages processing method has been 
achieved in separating chlorine after the plasticizer are removed. 
 
 
Figure 4: Supercritical reactor for plastic waste (Nikkiso co, ltd, 2000) 
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Figure 5: Conversion technology for plastic (Nikkiso co, ltd, 2000) 
Conversion technology for plastic. 
 
 
5.2   ECO-EFFICIENCY 
 
Eco-efficiency is a vital tool employed by organizations to be aware of their environments and 
profitable in their dealings of producing polyvinyl chloride (PVC) and other polymers products. 
Eco-efficiency aids in producing large product from little raw materials available, thereby avoiding 
waste of natural resources and reduce emissions of poisonous gases or fumes that causes damage to 
the environment. Many industries has adopted the program working towards the above mentioned 
topic, which is the replacement of traditional procedure of dying textiles and releasing the remnant 
chemicals to the rivers and drainages that causes pollution, this has been replaced with co-efficient 
coating agents and lamination done by hi-tech programmable machines. Eco-efficiency also 
maximizes efficiency and minimizes the negative impact on the environment. It reflects or shows 
the relationship between the economic output and environmental impact caused by products 
produced for consumption.  
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5.3   PUBLIC SAFETY 
 
Polyvinyl chloride (PVC) plants are mostly built in a downtrodden and low-income community 
where people welfare and health are not cared about. This brings about the issue of violation of 
human right to good health. The issue of polyvinyl chloride (PVC) manufacturing has led to the 
poisoning of workers and neighbors living near the plants, and it contributed to the pollution of 
water and air around the vicinity. Sometimes, aquatic lives and human beings are completely wiped 
out due to inhale gases that causes suffocation and cancer. 
Every year in USA to be precised, about 230 tons of vinyl chloride is released to the atmosphere 
that contain carcinogens and other toxic materials, which caused lungs cancer and other terminal 
diseases that claims thousands of lives. 
 
 
6.   PLASTICS CONSUMPTION IN THE WORLD 
 
6.1   VOLUME USED OF POLYVINYL CHLORIDE (PVC) IN THE WORLD. 
 
The total volume of polyvinyl chloride that has been consumed by man since its inception into 
polymer markets can never be accounted for, but its consumption in different countries of the World 
presently can be gotten through statistical records.  
Polyvinyl chloride (PVC) has been in existence before 1960s. It was in 1960 that advances were 
made for polyvinyl chloride (PVC) pipes and fittings. Before then, unplasticized polyvinyl chloride 
was being in use. Polyvinyl chloride (PVC) consumption in 2007 in the USA and Canada amounted 
to over 6.4 million metric tons, which is about 14.2 billion pounds.  
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Figure 6: Polyvinyl chloride (PVC) resin consumption in United States and Canada in the year 2007 (Whitfield and Associates 
based on American chemistry councils monthly statistical Report (PIPS), n.d) 
 
6.2   PRODUCTION AND CONSUMPTION RATE OF POLYVINYL CHLORI
DE (PVC) IN CHINA 
 
Polyvinyl chloride (PVC) is the number three (3) most widely produced plastic in the world, 
followed by polyethene and polypropene. China is ranked the world leading production and 
consumption of polyvinyl chloride (PVC) in the comity of nations. China production capacity of 
polyvinyl chloride (PVC) in year 2009 was 9.155 million metric tons (MT), which account for 27% 
of global production, and the consumption rate stands at 10.62 metric tons (MT), which account for 
30% of global consumption. For the past decades (20 years) both consumption and production have 
increased rapidly. The cumulative average growth rate (CAGR) of production has grown to 14.4%; 
this growth does not keep pace with the growth in production capacity, which has grown at a rate of 
nearly 20%. North China is distinctly the largest polyvinyl chloride (PVC) production base in the 
country, amounting to 42% of total production in 2009.  
 
 
 37 
 
Figure 7: Production cap, production and consumption of PVC in China in thousandth metric tons (Dallan Commodity Exchange, 
2011) 
Consumption rate has grown rapidly by almost 11% every year from 2003 to 2009 according to the 
graph shown above in the diagram. Production was generally unable to keep up with demand, due 
to this event; China relied on imports to satisfy the consumers demand. Most of the domestic 
polyvinyl chloride (PVC) consumption was used in the production of cable and wire shields, 
flooring tiles, waterproof membranes, artificial leathers, hoses, window materials, bottles etc.                             
The main consumption areas are in the eastern and southern part of China, though the production 
area is concentrated in the northern part of the country. The listed provinces together accounted for 
the 49% of the domestic consumption, the provinces are; Guangdong, Shanghai, Zhejiang and 
Jiangsu. 
 
6.3   IMPORTS AND EXPORTS CAPACITY OF POLYVINYL CHLORIDE 
(PVC) IN CHINA 
 
The trend of rapid development of China polyvinyl chloride (PVC) industry, imports and exports of 
polyvinyl chloride (PVC) has gone through tremendous changes in the last decade. Before the year 
2004, China was an importer of polyvinyl chloride (PVC), in 2003 alone it consumed close to six 
million tons of polyvinyl chloride (PVC), of which 2.3million metric tons (MT) were imported. In 
spite of that, the anti dumping policy which was implemented against the United states, Russia, 
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Korea, Taiwan, and Japan. This paved way for China domestic polyvinyl chloride (PVC) growth, 
allowing for greater self-sufficiency and less reliance on imports. The import rate decline in 2008 to 
1.13metric tons (MT), the trend amounted to a reversal in high increment in 2009 with almost 74% 
increase in imports to 195.5metric tons (MT), which create a new record, exports dropped 
drastically to over half to 275000 tons. 
 
 
 
Figure 8: Import and Export capacity of PVC in thousand tons per year in China (Dallan Commodity Exchange, 2011) 
 
In the year 2012, the world total production of polyvinyl chloride (PVC) was amounted to be 54 
million tons (source: HIS). This created an increase of 9million tons since 2009. Most of the 
capacity increments are recorded from China, which is the highest producer and has 44% of the 
world’s capacity production. World current capacity of 24 million tons by far exceeds the Chinese 
domestic demand of 14million tons, increasing cost of energy and raw materials in recent years. 
Coal based carbide has been an alternative used for energy generation for producing polyvinyl 
chloride (PVC) precursor vinyl chloride monomer (VCM) are dominated in China is less 
competitive. It has no environmental effect on humans and animals, it also reduce manufacturing 
cost, which is below the naphtha/ethylene route, which are implemented in Europe. 
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North America has 15% of the world’s polyvinyl chloride (PVC) capacity; plant use capacity has 
almost reached the period before level crisis. This was as a result of less in improved regional 
demand for polyvinyl chloride (PVC), the export volume increased instead. More than one-third of 
North American polyvinyl chloride (PVC) production was exported. The year 2007/2008 marked 
the year which export accounted for less than 10%. The initial reason for the change cum 
development can be inferred from the cost benefit along the value added production chain for 
polyvinyl chloride (PVC) resulting from the shale gas boom. The way the shale gas was being 
exploited led to discussion of re-industrialization of the USA and calls for the expansion of the 
domestic petrochemical industry. With reference to the aforementioned event, some expansion in 
polyvinyl chloride (PVC) is being planned for after the year 2014. 
The exploitation of the shale gas reserves in USA lower the cost of ethylene from cracking of 
ethane and cost benefit was realized on gas based electricity. It also lower the production cost of 
chlorine as polyvinyl chloride (PVC) precursor by means of chlor-alkali electrolysis, Europe 
account for 15% of the world polyvinyl chloride (PVC) capacity. 
 
6.4   CONSUMPTION AND EXPORT 
 
The total number of polyvinyl chloride (PVC) consumed in 2012 amounted to 37.4 million tons. 
Polyvinyl chloride (PVC) is the third largest plastics materials that are consumed worldwide after 
polyolefin. The average annual market growth of 4.9% was recorded largely in China during the 
period of 2009 to 2012, China account for the largest single market with 14 million tons; it grew by 
3.7 million tons from 2009 to 2012. China import rate was still at 1million tons every year in order 
to meet up with demand from the consumers. The demand for polyvinyl chloride (PVC) worldwide, 
rest solely on construction activities. Its application can be felt mostly in pipes and fittings comprise 
42%, profiles and hose/tubing comprises 18%, rigid film and sheet comprise 17%, as well as cable 
which comprise 8%. 
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        Figure 9: Production capacities of the world's largest producers (Vinnolit 6/2013) 
 
 
        Figure 10: Worldwide PVC consumption in 2012,broken down by region, overall 37.4 million tons (IHS incorp.2014) 
 
 
 41 
 
       Figure 11: Polyvinyl chloride (PVC) applications around the world in 2012 (ihs incorp.2014) 
 
6.5   COST 
 
The volume cost of raw material of polyvinyl chloride (PVC) polymer input is the purchase cost of 
a unit volume of the material. Polymer cannot exist without additives, which are why it’s very 
important to understand the volume cost of polymers and its additives; it determines a particular 
selection or application to which the polymers are employed. 
 
6.6   DEVELOPMENT OF VOLUME COST PRICE PER KILOGRAME (ton) 
 
In determining the volume cost price per kilogram of raw material input of polyvinyl chloride, the 
purchase cost of a unit volume of the material must be known. The volume cost of polymers and its 
additives is very essential when choosing it in some particular application. 
Volume Cost (Rs/Litre)=Purchase Cost (Rs/Kg) x Density (Kg/Litre) 
Price is the most determinant factor that designers consider before specifying a certain polymer as a 
material of construction or design. Though price varies from time to time due to fluctuation of 
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exchange rates in the world markets. The currency of transaction is the rupee, which is used mainly 
in India. Which is one Indian Rupee equivalent to 0.014€. 
 
The following are the prices of commodity thermoplastics: 
Table 2: Prices of different commodities thermoplastics 
 
Polymer Abbreviation Price (Rs./Kg.) 
Unplasticized PVC UPVC 48 
Plasticised PVC FPVC 60 
Low Density Polyethylene LDPE 70 
High Density Polyethylene HDPE 67 
Polypropylene Homopolymer PP 68 
Polypropylene Copolymer PPCO 70 
Polystyrene PS 80 
High Impact Polystyrene HIPS 82 
Acrylonitrile Butadiene Styrene ABS 85 
  
When talking about the density of a polymer, it always refers to the polymer in a gelled and fused 
form or sample, which must not be mistaken or taken for bulk density. Bulk density refers to the 
apparent density of the powdered polymer form of which it is sold and measured before processing. 
The rate of flow of polymer granules through hopper throat of the extruder machine, melting, 
sticking and other storage consideration have relevance with bulk density. Particle size and shape 
determine bulk density change, while density of a polymer is constant. The graph below is volume 
cost graph-showing polypropylene as the cheapest polymer.  
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       Figure 12: Smartech Global solution Ltd (2014) 
 
6.7   SIGNIFICANCE OF VOLUME COST TO THE PLASTIC MANUFACTU
RERS 
 
In the compounding of polymer with additives, volume cost must be put into consideration inorder 
to achieve desired result. More often, the density of the final product change considerably, due to 
the mineral fillers that are added just to reduce cost. Volume cost and its implication must be 
understood properly before deciding cost reduction exercises. The price of polymer are determine 
either per piece (in mouldings) or per unit length (cables, pipes and tapes manufacturing). Pricing 
and costing techniques determine fixed volumes of polymers. Since the plastic or polyvinyl chloride 
(PVC) raw materials are purchased per unit weight, the cost calculation will be done on the basis of 
per kilogram. This calls for the finished products to be priced and sold on weight per piece. The 
issue of price reduction or discount will depend on competition within the market mostly by other 
sellers of same polymer products. The tables shown below depict the volume cost of similar 
polymers since the practical aspect of the laboratory work is similar to the theoretical part of the 
write up. 
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Table 3: Volume cost of polyvinyl chloride (PVC) formulation for PVC pipes 
Volume Costs of PVC Formulations for PVC Pipes 
  0 PHR Filler 10 PHR Filler 20 PHR Filler 
 
Ingredient 
Price 
Rs/Kg 
Density 
Kg/Ltr. 
PHR 
Kgs. 
Cost  
Rs. 
VolumeLtrs. 
PHR 
Kgs. 
Cost  
Rs. 
Volume Ltrs. 
PHR 
Kgs. 
Cost  
Rs. 
Volume 
Ltrs.  
PVC Resin 
K67 
48 1.38 100.0 4,800 72.46 100 4,800 72.46 100 .4,800 72.46 
 
TBLS 120 7.2 0.8 96 0.11 0.8 96 0.11 0.9 108 0.13 
 
DBLS 140 4.5 0.5 70 0.11 0.5 70 0.11 0.6 84 0.13 
 
Lead Stearate 100 2.1 0.4 40 0.19 0.4 40 0.19 0.5 50 0.24 
 
Ca. Stearate 80 1.1 0.4 32 0.36 0.4 32 0.36 0.5 40 0.45 
 
Filler 10 2.7 0.0 0 0.00 10 100 3.70 20 200 7.41 
 
Lubricant 140 0.95 0.3 42 0.32 0.3 42 0.32 0.4 56 0.42 
 
TiO2 130 5.6 0.6 78 0.11 0.6 78 0.11 0.6 78 0.11 
 
Carbon Black 50 0.98 0.1 5 0.10 0.1 5 0.10 0.1 5 0.10 
 
Totals     103.1 5,163 73.77 113.1 5,263 77.47 123.6 5,421 81.45 
 
Formulation 
Cost    
50.08 Density   46.53 Density   43.86 Density 
 
Volume Costs 
   
69.99 1.398   67.94 1.460   66.55 1.517 
 
  
 
  30 PHR Filler 40 PHR Filler 50 PHR Filler 
 
Ingredient 
Price 
Rs/Kg 
Density 
Kg/Ltr. 
PHR 
Kgs. 
Cost  
Rs. 
Volume 
Ltrs. 
PHR 
Kgs. 
Cost  
Rs. 
Volume 
Ltrs. 
PHR 
Kgs. 
Cost  
Rs. 
Volume 
Ltrs.  
PVC Resin 
K67 
48 1.38 100.0 4,800 72.46 100 4,800 72.46 100 4,800 72.46 
 
TBLS 120 7.2 0.9 108 0.13 1 120 0.14 1 120 0.14 
 
DBLS 140 4.5 0.6 84 0.13 0.65 91 0.14 0.65 91 0.14 
 
Lead Stearate 100 2.1 0.5 50 0.24 0.45 45 0.21 0.45 45 0.21 
 
Ca. Stearate 80 1.1 0.5 40 0.45 0.55 44 0.50 0.55 44 0.50 
 
Filler 10 2.7 30.0 300 11.11 40 400 14.81 50 500 18.52 
 
Lubricant 140 0.95 0.4 56 0.42 0.5 70 0.53 0.5 70 0.53 
 
TiO2 130 5.6 0.6 78 0.11 0.6 78 0.11 0.6 78 0.11 
 
Carbon Black 50 0.98 0.1 5 0.10 0.1 5 0.10 0.1 5 0.10 
 
Totals     133.6 5,521 85.16 143.9 .5,653 89.01 153.9 5,753 92.72 
 
Formulation 
Cost    
41.32 Density   39.30 Density   37.39 Density 
 
Volume Costs 
   
64.83 1.569   63.51 1.616   62.05 1.659 
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Table 4: Summary of costs per hundred parts of resins (PHR) of similar polymers 
 
Summary 
 
0 PHR 10 PHR 20 PHR 30 PHR 40 PHR 50 PHR 
Formulation Cost Rs/Kg Rs.50.08 Rs.46.53 Rs.43.86 Rs.41.32 Rs.39.30 Rs.37.39 
Volume Cost Rs/Ltr. Rs.69.99 Rs.67.94 Rs.66.55 Rs.64.83 Rs.63.51 Rs.62.05 
% Reduction in Cost/Kg  7.08% 12.42% 17.48% 21.53% 25.33% 
% Reduction in Cost/Ltr  2.94% 4.91% 7.37% 9.2 11.35% 
 
 
 
7.   COMPARISON OF POLYVINYL CHLORIDE (PVC) TO SOME 
OTHER MATERIALS  
 
Polyvinyl chloride (PVC) can be compared with a lot of materials ranging from polymers, woods, 
composites, etc. Their physical, chemical and mechanical properties have to be investigated and 
noted. The following are some of the materials that are discussed as follows: 
 
7.1   POLYVINYL CHLORIDE (PVC) COMPARED WITH POLYPROPENE    
(PP) AND ACRYLONITRILE BUTADIENE STYRENE (ABS) 
 
There are very important differences between polyvinyl chloride (PVC) and polypropene (PP). 
Polypropene (PP) is a neutral plastic with density of 0.910g/cm
3
. It contains only two elements: 
carbon (C) and hydrogen (H). The percentage of chlorine (Cl) in polyvinyl chloride (PVC) by 
weight is 30% in relation with its basic structure; the composition of polyvinyl chloride (PVC) in 
petroleum is just 40%. Its reliance on petroleum is minimal; therefore, it is referred to as natural 
resource plastic. Chlorine and other halogens are harmful to human life and environment, it must 
not be inhale or ingested due to health implications. 
The burning or incinerations of polyvinyl chloride (PVC) either knowingly or accidentally, produce 
poisonous and toxic byproducts like dioxins, chlorocarbons and hydrochloric acid. In the case of 
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polypropene (PP) when it undergoes complete combustion, it decomposes into carbon dioxide and 
water. Unlike polyethene (PE), polystyrene (PS) and polypropene (PP) which are petroleum 
dependent. Polyvinyl chloride (PVC) is essentially not stable to heat thereby making it expose to 
decomposition during processing, and it has a density of 1.36g/cm
3
. Polypropene (PP) can 
withstand heat under extreme conditions; it will only decompose into lower molecular weight 
paraffin’s, which are in agreement with the base material. Polyvinyl chloride (PVC) in its basic 
form needs a large amount of lead to stabilize it, due to the poisonous nature of lead, it has been 
agreed that it should be phased out in production of polyvinyl chloride (PVC) because of its health 
issue on human and other creatures. The effect of lead is felt in polyvinyl chloride (PVC) either 
during the life cycle of the product or after its disposal. That is why lead and other heavy metals are 
not employed in the manufacture of polypropene (PP) sheets. 
The monomer unit called vinyl chloride which forms a building blocks of polyvinyl chloride (PVC) 
is very toxic and poisonous, strict guidelines have been put in place for its handling, transporting 
and ways of storage. Many studies, symposium and lectures have been held on its health 
implication on workers and people living around the plants. Polypropene (PP) sheet can be 
manufactured from propylene monomer which act also as building blocks of polypropene (PP), 
which is a safe gas gotten from the waste byproduct of petroleum fractions in the fractional 
distillation column, it was often flare to the atmosphere, thereby causing greenhouse gas emission. 
As more polypropene sheets are manufactured from this propene gas, less of it will be emitted to the 
atmosphere and this reduced the greenhouse gas emission effect. 
It can be inferred that polypropene is 100% recyclable, compared to polyvinyl chloride (PVC), 
which is not 100% recyclable due to the nature of its chemical compositions and the additives it 
contains.  
 
7.2   POLYVINYL CHLORIDE (PVC) COMPARED WITH ACRYLONITRILE 
BUTADIENE STYRENE (ABS) 
 
The density of acrylonitrile butadiene styrene (ABS) is between 1.0-1.05g/cm
3
. Both polyvinyl 
chloride (PVC) and acrylonitrile butadiene styrene (ABS) pipes are resistant virtually to acids, salts 
and alkalis in nature, but they are not resistant to aromatic and chlorinated hydrocarbons. They can 
both be used as surface and submersible means of conveying fluids in pipes. When acrylonitrile 
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butadiene styrene (ABS) pipe is used by exposing it to the sun, it will be deformed and acrylonitrile 
butadiene styrene (ABS) got affected by ultraviolet ray that degrade the quality of the pipe. That 
prompted for a research that suggest for the coating of the acrylonitrile butadiene styrene (ABS) 
pipes with some pigments called latex paints, which will prevent the ultra-violet (UV) radiation 
from destroying the pipe surface. The additives known as Plasticisers contained in polyvinyl 
chloride (PVC) makes it to be flexible and somewhat soft, but a purple primer will be needed when 
joining it together with another polyvinyl chloride (PVC). Acrylonitrile butadiene styrene is very 
easy to install without primer purple being employed. 
Purple primer is a specially blended form of solvent made to soften and swell polyvinyl chloride 
(PVC) and chlorinated polyvinyl chloride (CPVC) pipes and fittings. The purpose that the purple 
primers serve is to penetrate the surfaces (both outer and inner) of the pipe and produce a stronger 
and better joint.  
 
7.3   POLYVINYL CHLORIDE (PVC) COMPARED WITH HIGH DENSITY     
POLYETHYLENE (HDPE) 
 
The density of high-density polyethene (HDPE) is within the range of 0.93 to 0.97g/cm3 compared 
with that of polyvinyl chloride (PVC), which is between 1.3-1.45g/cm
3 
(rigid) and 1.1-1.35g/cm
3 
(flexible). Both have some characteristics in common, but an important differences which cannot be 
overlooked. The two (2) materials are light in weight, do not corrode and can withstand chemical 
and bacterial build up during use. Polyvinyl chloride (PVC) and polyethylene (PE) have different 
applications in different facet of life.                                                                                                     
Polyvinyl chloride (PVC) is cheap and durable, being a vinyl polymer used in construction for 
building. Its lightweight and strength give it the advantage used in producing underground and 
surface pipes. It can also be used in trenchless installation due to its strength.                                                            
High-density polyethylene (HDPE) is a polyethylene of the thermoplastic type that is made from 
petroleum, with higher strength, harder and can withstand high temperature. High-density 
polyethylene (HDPE) is suitable in underground piping system because it reduces and absorb shock 
waves and surges that can affect the installed system. They resist pressure at the joint parts, and 
have abrasion and heat resistant. Due to the durability and low cost of high-density polyethylene, it 
is utilized as containers for creams, liquid soaps, gels etc.       
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Polyvinyl chloride (PVC) and High-density polyethylene (HDPE) are strong and durable, but their 
strength and other properties vary. Their pressure capacities are not the same in pipe stress design. 
For the pressure rating to be the same with that of polyvinyl chloride (PVC) pipes, the wall of the 
High-density polyethylene (HDPE) pipe must be made 2.5times thicker than polyvinyl chloride 
(PVC) pipes. 
 
7.4   POLYVINYL CHLORIDE (PVC) COMPARED WITH ELASTOMERS 
AND RUBBER 
  
Elastomer usually falls into the category of thermoset and thermoplastic materials. In this context, 
the two (2) elastomers are mainly; Natural and synthetic rubber. 
The density of rubber depends on the type which studies will be based on. Hard rubber has a density 
of 1200kg/m
3
, while soft commercial rubber has a density of 1100kg/m
3
 respectively.  
Natural rubber is also referred to as Indian rubber with botanical name called hevea brasiliensis, 
which is an elastomer (elastic hydrocarbon polymer). The natural rubber is gotten from latex in a 
milky form from the rubber tree plants. The tapped rubber gotten by incision from the bark of the 
tree is further refined to give it the required properties needed for usable rubber. It is used in 
manufacture of hoses, footwear, foam mattress, toys etc.  
Synthetic rubber is mostly made of raw materials derived from coal, oil, natural gas, petroleum and 
acetylene. Most of them are polymers that contain more than one monomer. The change in 
composition of synthetic rubber might alter or improve its properties desired for use. Styrene 
butadiene rubber (SBR) is mostly employed elastomer because of its low cost and good properties it 
displays. Its area of application is usually in the manufacture of 
tires.                                                                                                                                                        
                
7.5   POLYVINYL CHLORIDE (PVC) COMPARED WITH CERAMICS 
 
Ceramics exist in different forms as organic and inorganic materials that are essential in day-to-day 
use. The ceramic type to be mentioned in this work will be the floor tile, which is inorganic in 
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nature. The density of a floor tile will depend on its moisture absorption rate. If the moisture 
absorption rate is less, its density or weight will surely increase, and it is within the range of 2790-
3070kg/m
3
. Furthermore, as the weight or density increases, it becomes even stronger in strength. 
The process by which ceramic are made to its finish end is called ceramic glazing. 
Ceramic glazing is addition of vitreous coating materials to ceramics, and its primary purposes are 
for decoration as well as protection when put in use. The type of atoms bonding and the way the 
atoms are packed will determine the strength of a ceramic material; this can be termed atomic scale 
structure. Virtually all ceramics are made up of two (2) or more elements that forms a compound. 
All atoms in ceramic materials are bind together by a chemical bond. The most well known 
chemical bonds for ceramic materials are mostly covalent and ionic bonds. In the case of metal, 
metallic bond are employed. The covalent and ionic bonding is much stronger when atoms are bond 
together by these two (2) methods than the metallic bonding, that is the reason why ceramics are 
brittle materials and metal are ductile. 
The properties listed below make ceramic to be employed in different applications and walks of life. 
Most ceramics are: 
 Hard 
 Brittle  
 Wear-resistant 
 Refractory 
 Thermal insulators 
 Electrical insulators 
 Oxidation resistant 
 Prone to thermal shock 
 Chemically stable 
Polyvinyl chloride (PVC) is distinct from ceramics in the sense that they don’t share most of the 
properties of ceramics. Though, the bonds that hold atoms in the polymer molecules together in 
polyvinyl chloride (PVC), is the covalent bond. 
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Figure 13: Compressive strength and tensile strength of ceramics 
  
7.6   POLYVINYL CHLORIDE (PVC) BENEFITS OVER OTHER                   
MATERIALS 
 
In most of the present world applications of these days, polyvinyl chloride (PVC) is been used as a 
substitute in traditional building materials such as metal, wood, concrete and clay. The ability of 
polyvinyl chloride (PVC) to be employed in varieties of ways makes it to gain popularity in 
building and other fields. The cost effectiveness and the history of use to which it is put into makes 
it has an edge over other polymers in building sector. In 2006 almost 60% of the European 
polyvinyl chloride production was used by the construction sector which makes it the sought after 
polymers. 
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Polyvinyl chloride (PVC) versatility makes it one of the most popular and widely used plastics in 
construction and building. It is also used to transport drinking water, wastewater and sewage pipes, 
window frames and rails, wall coverings, floor tiles and as insulator for cables and various 
applications in engineering and day to day use equipment’s, as it provide replacements or 
alternatives to known traditional materials such as metal, wood, rubber and glass. Polyvinyl 
chloride (PVC) products are mostly lighter in weight, cost less and give many performance 
advantages (versatility). The following are the advantages as explained below: 
                         
7.6.1   STRENGTH AND LIGHT WEIGHT 
 
Polyvinyl chloride (PVC) ability to resist abrasion during impact with external body, lightweight, 
good mechanical strength coupled with toughness is the edge it has over other materials. These 
technical advantages make it to be a very good choice in building and construction applications: 
 
7.6.2   EASE OF INSTALLATION 
 
Polyvinyl chloride (PVC) can be easily cut into various shapes, depending on the use to which it 
will be used for and where it is needed. It can also be welded together or joined together by 
different means of joining techniques. Its lightweight makes it convenient in manual handling 
during installation in construction and building sectors. During its installation in buildings or 
construction sites, it causes little or no danger of injuries. 
 
 
7.6.3   DURABILITY 
 
The ability of polyvinyl chloride to resist harsh weather, that is; colour change, texture, composition 
and its form (weathering), corrosion, shock and abrasion makes it the preferred material for both 
indoor and outdoor long life products. Due to the longevity in use during its application, it accounts 
for 85% of the polyvinyl chloride (PVC) production used in building and construction sectors. More 
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than 75% of polyvinyl chloride (PVC) will have a lifespan of more than 40 years, depending on the 
use it was subjected to, the normal potential life span of service is actually 100 years. In window 
profiles and cable insulations, it was indicated that 60% of the polyvinyl chloride used would have 
lifespan of more than 40 years. 
 
7.6.4   COST EFFECTIVENESS 
 
Polyvinyl chloride (PVC) has been users choice for many years mostly in construction and building 
sector, due to its technical and physical properties that gives good result without spending much 
money for its purchase, and better-cost performance benefit. As a result of the properties like 
durability, lifespan and little maintenance of polyvinyl chloride (PVC), that is why it is competitive 
in terms of price. 
 
 8.   EXPERIMENTAL WORK AND RESULTS 
 
Polyvinyl chloride (PVC) of three (3) different types with listed below qualities were provided by 
PRIMO OY PRIMO FINLAND AB upon request during visitation to the factory in heinola by me 
and my supervisor Mariann Holmberg. 
 NORVINYLTM S6045: A low molecular weight and low porosity vinyl chloride 
homopolymer, which was produced by suspension process in the factory. 
 NORVINYLTM S6545: A medium molecular weight, with high bulk density and low 
porosity vinyl chloride homopolymer that was produced by suspension process. 
 NORVINYLTM 6261: A medium to low molecular weight vinyl chloride homopolymer that 
was produced by the process of suspension in the factory. 
The detailed information and typical properties of the above mentioned NORVINYLS (PVCs) 
could be gotten from the appendix. 
The K-values that expresses the viscosity estimate of the statistical molecular mass of polymeric 
material used in producing poly vinyl chloride (PVC) of different properties are also mentioned in 
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the appendix. The k-values of the above mentioned polyvinyl chlorides (PVCs) are; 60, 65 and 62 
respectively. 
The different polyvinyl chlorides (PVCs) materials were delivered in sheets. Upon receiving the 
sheets of polyvinyl chloride, a die in form of a dog bone was designed and used to cut out the test 
piece by the computer numerical control machine (CNC) by drilled cut. The different sheets were 
cut in the same shapes and reading values. Though two (2) cutting methods were provided as 
options, but the drilled cut was later chosen. The two (2) are: 
 Water cut (laser type) 
 Drilled cut 
 
 
Figure 14: Dog-bone diagram drawn with solid works software 
 
8.1   PREPARATION OF POLYVINYL CHLORIDES (PVCs) FOR TEST. 
 
Each dog bone cut shaped polyvinyl chloride (PVCs), the test were properly conducted at a test 
speed of 5,100mm/min according to ISO 1133 standard. Seven (7) range of temperatures reading 
was chosen in order to get accurate results and test dog-bone dimension are 165 x 19 x 0.83 was 
taken to the drilling machine to drill a hole at the far end of the test piece in order to suspend it 
inside the heating oven. 
The different dog bone test pieces was differentiated and denoted with numbers written on it as 1, 2 
and 3 in order not to cause mix up. A thin long iron was passed through the hole drilled at the ends 
of the dog bone shaped polyvinyl chlorides (PVCs) for easy suspension inside an oven in order to 
heat up the dog bones. 
The thermometer that was built with the oven was giving conflicting temperatures readings due to 
its long time use. I was later told by Erland Nyroth to improvise by mounting a thermometer inside 
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the oven and at the same time use the infrared thermometer to know the temperature readings inside 
the oven and compare the readings with the mounted thermometer inside the oven. The dog bone 
shaped polyvinyl chlorides (PVCs) 1, 2 and 3 was heated to a temperature of 23, 38.7, 49.8, 60.7, 
75.2 and 80.1°C at time 30, 60 and 90 minutes respectively. After the subsequent heating to the 
desired listed temperatures and predetermined time. Each dog bone shaped polyvinyl chlorides 
(PVCs) are removed and the temperature and time is written on it to avoid mix up during the test. 
The reason for not getting a rounded figure for the temperature readings was due to the irregular 
malfunction of the designed thermometer on the oven. The improvised thermometer readings was 
agreed to be used. 
 
8.2   TESTOMETRIC TEST OF DIFFERENT POLYVINYL CHLORIDES 
(PVCs) 
 
Testometric universal testing machine is commonly used in industries and manufacturing world for 
testing physical and mechanical properties, to give fast proper evaluation of the materials and 
products. 
Different polyvinyl chlorides (PVCs) sheets which has been into the dog bone shape were heated in 
the oven at different temperatures and time will need to undergo loading force inorder to know their 
mechanical and physical behavior when subjected to tension force when gripped at both ends on the 
testometric universal machine. 
Each of the heated dog bone shaped polyvinyl chloride (PVC) which was left cooled were mounted 
subsequently on the testometric machine by holding both ends by the grips of the machine, with the 
aid of the installed software connected to the computer, the test piece was set into tension. With 
further increment of the tension, the dog bone shaped polyvinyl chloride will break when it attains 
its breaking point, and the mechanical properties curve are displayed on the stress-strain graph 
which will be shown of different dog bones at different temperatures and time. Below are the results 
for different dog bone shaped polyvinyl chlorides (PVCs): 
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Figure 15: Dog-bone mounted on a grip being tested with a testometric tensile testing machine (Arcada plastic technology 
laboratory, January 2015) 
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Figure 16: Suspended dog-bones and improvised thermometer placed inside the heater in the Arcada plastic laboratory 
(December 2014). 
 
8.3   POLYVINYL CHLORIDE (PVC) 1, 2 AND 3 TESTED AT DIFFERENT 
TEMPERATURE 
 
In order to test and compare results, different dog-bones were cut out by drilled cut with the 
computer numerical control machine (CNC). The polyvinyl chlorides (PVC) materials were 
produced by PRIMO OY in form of sheets, and the dog-bones undergo heating in the oven at 
different temperatures and time. It was done to obtain the mechanical data of the dog-bone such as 
tensile strength, elongation, stress, strain, young modulus, deformation, etc. Below are the table, 
graph and picture of the polyvinyl chlorides (PVCs) 1, 2 and 3 after the experiments. 
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8.4   POLYVINYL CHLORIDE (PVC) 1,2 AND 3 AT ROOM TEMPERATURE 
 
 
Figure 17: Pictorial view of 1, 2, and 3 polyvinyl chloride (PVC) when viewed under light 
 
At room temperature 23°C, the polyvinyl chloride 1 and 2 do not show any laminar change on the 
surface when it was subjected to loading on the testometric tensile testing machine, and both 1and 2 
also has a smooth edge at the break point. And both elongations have a high value. While polyvinyl 
chloride (PVC) 3 shows a crossed delaminated surface when subjected to load on same machine, 
and its break point edge is rough as shown in the diagram in figure 17 above. Polyvinyl chloride 
(PVC) 3 also has a low elongation value at break point compared to 1 and 2 in the graph on the 
appendix page. 
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8.5   POLYVINYL CHLORIDE  (PVC) 1, 2 AND 3 HEATED AT TEMPERATU
RE 38.7°C FOR 30 MINUTES. 
 
 
Figure 18: Pictorial view of 1, 2, and 3 polyvinyl chloride (PVC) when viewed under light 
 
Polyvinyl chloride (PVC) 1, 2 and 3 were heated at temperature 38.7°C for 30 minutes. Polyvinyl 
chlorides (PVC) 1 and 2 show high elongation when subjected to loading on the testometric tensile 
testing machine before reaching breaking point, but polyvinyl chloride (PVC) 2 and 3 shows 
delamination on the dog-bone surfaces, while polyvinyl chloride (PVC) 1 has smooth surface and 
rough edges at the break point as illustrated in the diagram in figure 18 above. 
 
 
 
 59 
8.6   POLYVINYL CHLORIDE (PVC) 1, 2 AND 3 HEATED AT                    
TEMPERATURE 49.8°C FOR 30 MINUTES. 
 
 
Figure 19: Pictorial view of 1, 2, and 3 polyvinyl chloride (PVC) when viewed under the light 
 
Polyvinyl chloride (PVC) 1, 2 and 3 were heated at temperature 49.8°C for 30 minutes. Polyvinyl 
chloride (PVC) 3 show a visible delamination on the surface, while 1 and 2 shows smooth surfaces 
with smooth edge cut at the break points as shown in the diagram in figure 19 above. Polyvinyl 
chloride (PVC) 1 and 2 shows high elongation, while 3 is the least at the break point when 
subjected to loading on the testometric tensile testing machine as shown in the graph on the 
appendix page. 
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8.7   POLYVINYL CHLORIDE (PVC) 1, 2 AND 3 HEATED AT TEMPERATURE  
60.7°C FOR 30 MINUTES. 
 
 
Figure 20: Pictorial view of 1, 2, and 3 polyvinyl chloride (PVC) when viewed under light 
 
Polyvinyl chloride (PVC) 1, 2 and 3 were heated at temperature 60.7°C for 30 minutes. All the 
polyvinyl chlorides (PVC) mentioned and shown above indicate sign of delamination surfaces, all 
the polyvinyl chloride (PVC) samples have smooth edges at the break point when subjected to 
loading on the testometric tensile testing machine as shown in the figure 20 above. But polyvinyl 
chloride (PVC) 2 shows the highest elongation followed by 1, and then 3 were the least elongated as 
shown in the graph on the appendix page. 
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8.8   POLYVINYL CHLORIDE  (PVC) 1, 2 AND 3 HEATED AT                       
TEMPERATURE 75.2°C FOR 30 MINUTES. 
 
 
Figure 21: Pictorial view of 1, 2, and 3 polyvinyl chloride (PVC) when viewed under light 
 
Polyvinyl chloride (PVC) 1, 2 and 3 were heated at temperature 75.2°C for 30 minutes. All shows a 
sign of delamination on their surfaces due to loading on the testometric tensile testing machine, 
polyvinyl chloride (PVC) 1 and 2 has smooth edges, while the edge of 3 is slightly rough as 
illustrated in the diagram in figure 21 above. According to the graph on the appendix page, the 
elongation is highest in polyvinyl chloride (PVC) 2, followed by 3 and the least is 1. 
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8.9   POLYVINYL CHLORIDE  (PVC) 1, 2 AND 3 HEATED AT                      
TEMPERATURE 80.1°C FOR 30 MINUTES. 
 
 
Figure 22: Pictorial view of 1, 2, and 3 polyvinyl chloride (PVC) when viewed under light 
 
Polyvinyl chloride (PVC) 1, 2 and 3 were heated at temperature 80.1°C for 30 minutes. 
Delamination was well noticed on polyvinyl chloride (PVC) 3 when viewed under the light. The 
remaining two (2) polyvinyl chlorides (PVC) were not so visible. Polyvinyl chloride (PVC) 2 and 3 
has rough edge at the break points, and 1 has smooth edge cut at the break point as illustrated in the 
diagram in figure 22 above. According to the graph on the appendix page, the elongation is highest 
in polyvinyl chloride (PVC) 2, and then followed 1 and the least was 3 when subjected to loading 
on the testometric tensile testing machine. 
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8.9.1   POLYVINYL CHLORIDE  (PVC) 1, 2 AND 3 HEATED AT                   
TEMPERATURE 38.7°C FOR 60 MINUTES. 
 
 
 
Figure 23: Pictorial view 1, 2, and 3 polyvinyl chloride (PVC) when viewed under light 
 
 Polyvinyl chloride (PVC) 1, 2 and 3 were heated at temperature 38.7°C for 60 minutes. All the 
three (3) polyvinyl chlorides (PVC), shows a delaminated surface on the diagram when viewed 
under the light, and all the edges are smooth as shown in figure 23 above. The elongation is highest 
in polyvinyl chloride (PVC) 1, and then followed by 2 and the least was 3 when subjected to 
loading on the testometric tensile testing machine in the plastic laboratory as shown in the graph on 
the appendix page. 
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8.9.2   POLYVINYL CHLORIDE  (PVC) 1, 2 AND 3 HEATED AT                   
TEMPERATURE 49.8°C FOR 60 MINUTES. 
 
 
Figure 24: Pictorial view of 1, 2, and 3 polyvinyl chloride (PVC) when viewed under light 
 
Polyvinyl chloride (PVC) 1, 2 and 3 were heated at temperature 49.8°C for 60 minutes. Polyvinyl 
chloride (PVC) 1 and 2 has smooth surfaces, while 3 have delaminated surface, and smooth edge at 
the break point when subjected to load on the testometric tensile testing machine in the laboratory 
as shown in the diagram in figure 24 above. And polyvinyl chloride 1 has the highest elongation 
followed by 2, and 3 has the least elongation at break point as shown on the graph on the appendix 
page. 
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8.9.3   POLYVINYL CHLORIDE  (PVC) 1, 2 AND 3 HEATED AT                   
TEMPERATURE 60.7°C FOR 60 MINUTES. 
 
 
Figure 25 : Pictorial view of 1, 2, and 3 polyvinyl chloride (PVC) when viewed under light 
 
Polyvinyl chloride (PVC) 1, 2 and 3 were heated at temperature 60.7°C for 60 minutes. The three 
(3) polyvinyl chlorides (PVCs) when subjected to loading on the testometric tensile testing machine 
has all surfaces delaminated and all the edges are smooth at the break point as illustrated in figure 
25 above. Polyvinyl chloride (PVC) 2 has the highest elongation at break point, followed by 1 and 
the least was 3 as shown in the graph on the appendix page. 
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8.9.4   POLYVINYL CHLORIDE  (PVC) 1, 2 AND 3 HEATED AT                   
TEMPERATURE 75.2°C FOR 60 MINUTES. 
 
 
 
 
Figure 26: Pictorial view of 1, 2, and 3 polyvinyl chloride (PVC) when viewed under light 
 
Polyvinyl chloride (PVC) 1, 2 and 3 were heated at temperature 75.2°C for 60 minutes. Polyvinyl 
chloride (PVC) 1, 2 and 3 when subjected to loading on the testometric tensile testing machine has 
delaminated surfaces that is most noticeable in 2 and 3. The edges of 1 and 3 are smooth, while that 
of 2 is slightly rough or irregular as illustrated in the figure 26 above. Elongation at break point is 
highest in polyvinyl chloride 1, followed by 2 and least in 3 as depicted on the graph at the 
appendix page. 
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8.9.5   POLYVINYL CHLORIDE  (PVC) 1, 2 AND 3 HEATED AT                   
TEMPERATURE 80.1°C FOR 60 MINUTES. 
 
 
 
Figure 27: Pictorial view of 1, 2, and 3 polyvinyl chloride (PVC) when viewed under light 
 
Polyvinyl chloride (PVC) 1, 2 and 3 were heated at temperature 80.1°C for 60 minutes. Polyvinyl 
chloride (PVC) 1, 2 and 3 when subjected to loading on the testometric tensile testing machine has 
delaminated surfaces which is most noticeable in 3 and least noticeable in 1 and 2. The edges of 1 
and 2 are smooth, while that of 3 is rough as illustrated in the figure 27 above. Elongation at break 
point is highest in polyvinyl chloride 2, followed by 3 and least in 1 as in the graph on appendix 
page. 
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8.9.6   POLYVINYL CHLORIDE (PVC) 1, 2 AND 3 HEATED AT                    
TEMPERATURE 38.7°C FOR 90 MINUTES. 
 
 
 Figure 28: Pictorial view of 1, 2, and 3 polyvinyl chloride (PVC) when viewed under light 
   
Polyvinyl chloride (PVC) 1, 2 and 3 were heated at temperature 38.7°C for 90 minutes. Polyvinyl 
chloride (PVC) 1, 2 and 3 were subjected to loading on the testometric tensile testing machine in the 
plastic laboratory has all surfaces delaminated which is most noticeable in 1, and least noticeable in 
2 and 3. The edges of I, 2 and 3 polyvinyl chlorides (PVC) are all smooth as shown in the diagram 
of figure 28 above. Elongation at break point is highest in polyvinyl chloride 3, followed by 2 and 
least in 1 as depicted on the appendix page. 
 
 
 
 
 
 69 
8.9.7   POLYVINYL CHLORIDE (PVC) 1, 2 AND 3 HEATED AT                    
TEMPERATURE 49.8°C FOR 90 MINUTES. 
            
                        
 
Figure 29: Pictorial view of 1, 2, and 3 polyvinyl chloride (PVC) when viewed under light 
 
Polyvinyl chloride (PVC) 1, 2 and 3 were heated at temperature 49.8°C for 90 minutes. Polyvinyl 
chloride (PVC) 1, 2 and 3 when subjected to loading on the testometric tensile testing machine in 
the plastic laboratory has all surfaces delaminated which is most noticeable in 1 and 3, and least 
noticeable in 2. The edges of I, 2 and 3 polyvinyl chlorides (PVC) are all smooth, it is illustrated on 
the graph in figure 29 above. Elongation at break point is highest in polyvinyl chloride 2 (PVC 2), 
followed by 3 and least elongation in 1, it can be found on the graph at the appendix page. 
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8.9.8   POLYVINYL CHLORIDE (PVC) 1, 2 AND 3 HEATED AT                    
TEMPERATURE 60.7°C FOR 90 MINUTES. 
 
 
Figure 30: Pictorial view of 1, 2, and 3 polyvinyl chloride (PVC) when viewed under light 
 
Polyvinyl chloride (PVC) 1, 2 and 3 were heated at temperature 60.7°C for 90 minutes in the oven. 
Polyvinyl chloride (PVC) 1, 2 and 3 when subjected to loading on the testometric tensile testing 
machine in the plastic laboratory has all surfaces delaminated which is most noticeable in polyvinyl 
chloride (PVC) 1, and least noticeable in 2 and 3 when viewed under the light in figure 30. The 
edge of polyvinyl chloride (PVC) is smooth at the break point, 2 and 3 polyvinyl chlorides (PVCs) 
edges are all rough at the break point. Elongation at break point is highest in polyvinyl chloride 
3 (PVC), followed by 1 and least in 2 as illustrated on the appendix page. 
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8.9.9   POLYVINYL CHLORIDE  (PVC) 1, 2 AND 3 HEATED AT                   
TEMPERATURE 75.2°C FOR 90 MINUTES. 
 
 
Figure 31: Pictorial view of 1, 2, and 3 polyvinyl chloride (PVC) when viewed under light 
 
Polyvinyl chloride (PVC) 1, 2 and 3 were heated at temperature 60.7°C for 90 minutes in the oven 
in plastic laboratory. Polyvinyl chloride (PVC) 1, 2 and 3 when subjected to loading on the 
testometric tensile testing machine in the plastic laboratory, has all delaminated surfaces which is 
noticeable in polyvinyl chloride (PVC) 1, 2 and 3 when viewed under the light as illustrated in the 
above diagram in figure 31. The edge of polyvinyl chloride (PVC) is smooth at the break point 1, 
and slightly rough at 2, but rough at 3. Elongation at break point is highest in polyvinyl chloride 
(PVC) 1, followed by 2 and least in 3 as shown on the graph on the appendix page. 
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8.1.0.0   POLYVINYL CHLORIDE  (PVC) 1, 2 AND 3 HEATED AT                
TEMPERATURE 80.1°C FOR 90 MINUTES. 
 
 
 
Figure 32: Pictorial view of 1, 2, and 3 polyvinyl chloride (PVC) when viewed under light 
 
Polyvinyl chloride (PVC) 1, 2 and 3 were heated at temperature 80.1°C for 90 minutes in the oven 
in plastic laboratory. Polyvinyl chloride (PVC) 1, 2 and 3 when subjected to loading on the 
testometric tensile testing machine in the plastic laboratory has all surfaces delaminated, which are 
noticeable in polyvinyl chloride (PVC) 1, 2 and 3 when viewed under the light as shown in the 
figure 32 above. The edges of polyvinyl chloride (PVC) 1, 2 and 3 are all smooth at the break 
points. Elongation at break point is highest in polyvinyl chloride (PVC) 2, followed by 1 and least 
in 3 in the graph on the appendix page. 
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9.   RESULTS 
 
9.1   CUTTING METHODS 
 
Table 5: Computer numerical control (CNC) milled cut and water cut (WC) laser methods of cutting polyvinyl strips into dog-
bone shapes 
CUTTING (PVC) CNC (Computer numeric.cont.) WC (water cut or laser) 
               1                  Good                Poor 
               2                  Good                Poor 
               3                  Good                Poor 
 
9.2   DELAMINATION 
 
9.2.1   DELAMINATION AT ROOM TEMPERATURE (23°C) 
 
For the following tables and analysis, the conditions of the polyvinyl chlorides (PVCs), such as 
poor, fair and good will be represented with the figures; 1, 2 and 3 respectively. That is; 
1= Poor, 2= Fair and 3= Good. 
    
    
Table 6: Polyvinyl chloride (PVC) 1, 2 and 3 delamination natures at room temperature (23°C) 
PVC (1) PVC (2) PVC (3) ROOM TEMP. (°C) 
  Poor   Poor   Fair             23 
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9.2.2   DELAMINATION AT 30 MINUTES 
 
Table 7: Nature of delamination of polyvinyl chlorides (PVCs) 1, 2 and 3 at different temperatures when heated for 30 minutes 
PVC (1) PVC (2) PVC (3) TIME (minutes) TEMP. (°C) 
Poor Good Good 30 38.7 
Poor  Poor Good 30 49.8 
Good Good Good 30 60.7 
Good Fair Fair 30 75.2 
Good  Fair Good 30 80.1 
 
9.2.3   DELAMINATION AT 60 MINUTES 
 
Table 8: Nature of delamination of polyvinyl chlorides (PVCs) 1, 2 and 3 at different temperatures when heated for 60 minutes 
PVC (1) PVC (2) PVC (3) TIME (minutes) TEMP. (°C) 
Fair Good Good 60 38.7 
Poor Poor Good 60 49.8 
Good Fair Fair 60 60.7 
Fair Good Good 60 75.2 
Fair Fair Good 60 80.1 
 
 
9.2.4   DELAMINATION AT 90 MINUTES 
 
Table 9: Nature of delamination of polyvinyl chlorides (PVCs) 1, 2 and 3 at different temperatures when heated for 90 minutes 
PVC (1) PVC (2) PVC (3) TIME (minutes) TEMP. (°C) 
Fair Fair Good 90 38.7 
Good Poor Good 90 49.8 
Fair Fair Good 90 60.7 
Good Fair Fair 90 75.2 
Good Fair Fair 90 80.1 
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9.3   SMOOTHNESS 
 
9.3.1   SMOOTHNESS AT ROOM TEMPERATURE (23°C) 
 
Table 10: Nature of smoothness of polyvinyl chlorides (PVCs) 1, 2 and 3 at room temperature (23°C) 
PVC (1) PVC (2) PVC (3) ROOM TEMP. (°C) 
Good Good Fair 23 
 
 
9.3.2   SMOOTHNESS AT 30 MINUTES 
 
Table 11: Nature of smoothness of polyvinyl chlorides (PVCs) 1, 2 and 3 at different temperatures when heated for 30 minutes 
PVC (1) PVC (2) PVC (3) TIME (minutes) TEMP. (°C) 
Good Poor Poor 30 38.7 
Good Good Poor 30 49.8 
Poor Poor Poor 30 60.7 
Poor Fair Poor 30 75.2 
Good Fair Poor 30 80.1 
 
9.3.3   SMOOTHNESS AT 60 MINUTES 
 
Table 12: Nature of smoothness of polyvinyl chlorides (PVCs) 1, 2 and 3 at different temperatures when heated for 60 minutes 
PVC (1) PVC (2) PVC (3) TIME (minutes) TEMP. (°C) 
Poor Poor Poor 60 38.7 
Good Good Poor 60 49.8 
Poor Fair Poor 60 60.7 
Fair Poor Poor 60 75.2 
Fair Fair Poor 60 80.1 
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9.3.4   SMOOTHNESS AT 90 MINUTES 
 
Table 13: Nature of smoothness of polyvinyl chlorides (PVCs) 1, 2 and 3 at different temperatures when heated for 90 minutes 
PVC (1) PVC (2) PVC (3) TIME (minutes) TEMP. (°C) 
Fair Fair Fair 90 38.7 
Poor Good Poor 90 49.8 
Fair Fair Poor 90 60.7 
Poor Poor Poor 90 75.2 
Poor Poor Fair 90 80.1 
 
 
9.3.5   POLYVINYL CHLORIDE (PVC) 1 AT DELAMINATION 
 
Table 14: Temperature / natures of polyvinyl chloride 1 (PVC 1) at heating time of 30, 60 and 90 minutes for delamination 
TEMPERATURE (°C) TIME (30MINS) TIME (60MINS) TIME (90MINS) 
38.7 1 2 2 
49.8 1 1 3 
60.7 3 3 2 
75.2 3 2 3 
80.1 3 2 3 
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Figure 33: 3D-Graph of temperature/nature of polyvinyl chloride 1 (PVC 1) at delamination  
 
From the above table and 3-dimensional graph of polyvinyl chloride 1(PVC 1), the delamination 
was not noticed at the initial (38.7°C) and second temperature (49.8°C) when subjected to loading 
on the testometric-testing machine. As the temperature increases, the values of the delamination 
increase and remain the same till it get to temperature of 80.1°C at heating time of 30 minutes. 
At heating time of 60 minutes at different temperatures, the delaminations were noticed and 
disappear. As the temperature was further increased, it shown complete delamination and further 
heating reduced the delaminated nature to fair. 
Further heating for 90 minutes shows that for the first 3 temperatures, the delamination nature 
fluctuates. At the last 2 temperatures of 75.2°C and 80.1°C, the delamination was excellently 
noticed. It has impact on delamination when the temperature is increased due to the percentage of 
the additives and this gives irregular steeping of the values on the graphs. 
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9.3.6   POLYVINYL CHLORIDE (PVC) 2 AT DELAMINATION 
 
Table 15: Temperature / natures of polyvinyl chloride 2 (PVC 2) at heating time of 30, 60 and 90 minutes for delamination 
TEMPERATURE (°C) TIME (30MINS) TIME (60MINS) TIME (90MINS) 
38.7 3 3 2 
49.8 1 1 1 
60.7 3 2 2 
75.2 2 3 2 
80.1 2 2 2 
 
 
 
 
 
Figure 34: 3D-Graph of temperature/nature of polyvinyl chloride 2 (PVC 2) at delamination 
 
As seen from the above table and 3-dimensional graph of polyvinyl chloride 2(PVC 2), the 
delamination was completely noticed at the initial temperature (38.7°C), it was not noticed at 
temperature of 49.8°C when subjected to loading on the testometric-testing machine. As the 
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temperature increases, the delamination increase and reduced when it got to temperature of 
75.2°C.The delamination remain the same till it get to temperature of 80.1°C at heating time of 30 
minutes. 
At heating time of 60 minutes at different temperatures for different polyvinyl chloride (PVC) as 
illustrated in the table and graph, the delamination’s were noticed and disappear. As the temperature 
was further increased, it shown little delamination and further heating depict complete 
delamination. At temperature of 80.1°C, the delaminated nature was fair. 
Further heating for 90 minutes at 38.7°C shows the delamination to be fairly noticed. At 49.8°C, the 
delamination was not felt. When the remaining polyvinyl chlorides (PVCs) was heated at 
temperatures of 60.7°C, 75.2°C and 80.1°C respectively, the delaminated nature remain fairly the 
same. Additives percentage will determine how the polyvinyl chloride (PVC) will behave when 
subjected to heat and loading.  
 
9.3.7   POLYVINYL CHLORIDE (PVC) 3 AT DELAMINATION 
 
Table 16: Temperature / natures of polyvinyl chloride 3 (PVC 3) at heating time of 30, 60 and 90 minutes for delamination 
TEMPERATURE (°C) TIME (30MINS) TIME (60MINS) TIME (90MINS) 
38.7 3 3 3 
49.8 3 3 3 
60.7 3 2 3 
75.2 2 3 2 
80.1 3 3 2 
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Figure 35: 3D -Graph of temperature/nature of polyvinyl chloride 3 (PVC 3) at delamination  
 
As illustrated from the above table and 3-dimensional graph of polyvinyl chloride 3 (PVC 3), the 
delamination was completely noticed at the temperatures 38.7°C, 49.8°C and 60.7°C for the three 
(3) polyvinyl chloride 3 (PVC 3). It was fairly noticed at temperature of 75.2°C. As the temperature 
increases to 80.1°C, the delamination increased and was clearly visible. The nature of the whole 
delamination was noticed as each heated polyvinyl chlorides (PVCs) at different temperatures was 
subjected to load on the testometric tensile testing machine. 
At heating time of 60 minutes at different temperatures for different polyvinyl chlorides (PVCs), as 
illustrated in the table and graph above. The delamination’s were easily noticed at the first, second 
and third temperatures. As the temperature was further increased, it shown little (fair) delamination 
for the rest temperatures of 75.2°C and 80.1° when subjected to load on the testometric tensile 
testing machine. 
Continuous heating for 90 minutes at temperatures of 38.7°C, 49.8°C and 60.7°C shows the 
delamination to be perfectly noticed. At temperatures 75.2°C and 80.1°C, the delamination was 
fairly noticed when subjected to load on the testometric tensile testing machine. 
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9.3.8   POLYVINYL CHLORIDE (PVC) 1 AT SMOOTHNESS 
 
Table 17: Temperature / natures of polyvinyl chloride 1 (PVC 1) at heating time of 30, 60 and 90 minutes for smoothness 
TEMPERATURE (°C) TIME (30MINS) TIME (60MINS) TIME (90MINS) 
38.7 3 1 2 
49.8 3 3 1 
60.7 1 1 2 
75.2 1 2 1 
80.1 3 2 1 
 
 
 
Figure 36: 3D-Graph of temperature/nature of polyvinyl chloride 1 (PVC 1)  at smoothness 
 
As illustrated from the above table and 3-dimensional graph of polyvinyl chloride 1 (PVC 1), the 
smoothness was completely noticed at the temperatures 38.7°C and 49.8°C for the two (2) 
polyvinyl chlorides 1 (PVC 1) for 30 minutes. The smoothness was poor at temperature of 
60.7°C and 75.2°C. As the temperature increases to 80.1°C, the polyvinyl chloride smoothness was 
noticed at the given temperature when subjected to load on the testometric tensile testing machine.  
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At heating time of 60 minutes, at different temperatures for different polyvinyl chlorides (PVCs), as 
illustrated in the table and graph above. The natures of the polyvinyl chlorides (PVCs) smoothness 
were fluctuating from poor to good and later diminished to poor. Further temperature increase for 
the rest polyvinyl chloride 1(PVC 1) from temperature 75.2°C and 80.1°C make the smoothness 
appear fair when subjected to load on the testometric tensile testing machine. 
Continuous heating for 90 minutes at temperatures of 38.7°C shows the smoothness to be fairly 
noticed. It later diminished to poor for polyvinyl chloride 1(PVC 1) at 49.8°C, and at temperatures 
60.7°C, the smoothness was fair. Further temperature increment reduced the smoothness nature to 
poor for the rest two (2) temperatures when subjected to load on the testometric tensile testing 
machine.  
 
9.3.9   POLYVINYL CHLORIDE (PVC) 2 AT SMOOTHNESS 
 
Table 18 : Temperature / natures of polyvinyl chloride 2 (PVC 2) at heating time of 30, 60 and 90 minutes for smoothness 
TEMPERATURE (°C) TIME (30MINS) TIME (60MINS) TIME (90MINS) 
38.7 1 1 2 
49.8 3 3 3 
60.7 1 2 2 
75.2 2 1 1 
80.1 2 2 1 
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Figure 37: 3D-graph of temperature/nature of polyvinyl chloride 2 (PVC 2) at smoothness 
 
As illustrated from the above table and 3-dimensional graph of polyvinyl chloride 2 (PVC 2), the 
smoothness was completely unnoticed at the temperatures 38.7°C. At temperature of 49.8°C, the 
smoothness was perfectly noticed. But at 60.7°C for polyvinyl chloride 2 (PVC 2) heated for 30 
minutes, the smoothness was perfectly poor. For the two (2) polyvinyl chlorides 2 (PVC 2) for 30 
minutes at temperatures of 75.2°C and 80.1°C, The smoothness was fairly noticed. All these are as 
a result of subjecting it to loads on the testometric tensile testing machine.  
At heating time of 60 minutes at different temperatures for different polyvinyl chlorides 2 (PVCs 2), 
as illustrated in the table and 3-D graph above. The natures of the polyvinyl chlorides (PVCs) 
smoothness were fluctuating from poor to good and later diminished to fair. Further temperature 
increase for the rest polyvinyl chloride 2 (PVC 2) from temperature 75.2°C and 80.1°C make the 
smoothness appear from poor to fair when subjected to load on the testometric tensile testing 
machine. 
Continuous heating for 90 minutes at temperatures of 38.7°C shows the smoothness to be fairly 
noticed. For polyvinyl chloride 2 (PVC 2) at temperature 49.8°C, the smoothness was easily 
noticed. At 60.7°C for 90 minutes, the smoothness was fair. Further heating of the two (2) polyvinyl 
chlorides (PVCs 2) at temperatures of 75.2°C and 80.1°C for 90 minutes shows both smoothness to 
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be poor. All the results were based on the subjection to loading on the testometric tensile testing 
machine.  
 
 
9.4.0   POLYVINYL CHLORIDE (PVC) 3 AT SMOOTHNESS 
 
Table 19: Temperature / natures of polyvinyl chloride 3 (PVC 3) at heating time of 30, 60 and 90 minutes for smoothness 
TEMPERATURE (°C) TIME (30MINS) TIME (60MINS) TIME (90MINS) 
38.7 1 1 2 
49.8 1 1 1 
60.7 1 1 1 
75.2 1 1 1 
80.1 1 1 2 
 
 
 
 
Figure 38: 3D-Graph of temperature/nature of polyvinyl chloride 3 (PVC 3) at smoothness  
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As illustrated from the above table and 3-dimensional graph of polyvinyl chloride 3 (PVC 3), the 
smoothness was completely unnoticed for the whole temperatures for the 30 minutes and 60 
minutes heating.  
At Heating time 90 minutes for polyvinyl chloride 3(PVC 3), the smoothness was fairly noticed at 
38.7°. Polyvinyl chlorides 3 (PVC 3) at different temperatures of 49.8°C, 60.7°C, and 
75.2°C smoothness were very poor. Further heating of the polyvinyl chloride 3 (PVC 3) at 
80.1°C shows the smoothness to be fairly noticed.  
 
 
10.   CONCLUSION       
 
In the course of the thesis work of mechanical and structural changes of polyvinyl chloride (PVC) 
when subjected to heating, two (2) methods of cutting was provided to cut out strips of three (3) 
polyvinyl chlorides (PVCs) of different additives into dog-bone shapes. The two (2) methods of 
cutting are; milled cut and water or laser cut.  
The milled cut was chosen due to the nature of the polyvinyl chloride (PVC) strips, which are easy 
to cut on the computer numerical control machine with a well-designed die. 
The mechanical properties of the three (3) polyvinyl chlorides (PVCs); Norvinyl S6045, Norvinyl 
S6045 and Norvinyl S6545 depends on the percentage (%) of the additives that made up the 
Polyvinyl chloride (PVC) strips. The stress-strain testometric tables and graphs shows the 
mechanical properties like elongation at yield, peak and break point when heated and taken to the 
testometric-testing machine. The stresses and strains at each point when the loads are increased are 
indicated on the graphs before and after the material shear or fail. 
The structural aspect is the appearance of the nature of the material when it is drawn or subjected to 
loading on the testometric machine. More often than not, polyvinyl chloride (PVC) has shining or 
delaminated surface appearance due to the changes in the lattice arrangement of the atoms that bind 
the polymer together due to heating and application of load force on the testometric tensile testing 
machine. That is, the heat and load which it is subjected to cause it to maintain or change its surface 
nature. 
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In conclusion, temperatures, time of heating and additives have a tremendous part to play in the 
behavior and use of polyvinyl chlorides (PVC). For the proper usage of the polyvinyl chloride 
(PVC) materials, it must not be subjected to too high temperatures and heavy loadings in order not 
to fail and be used properly. 
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